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Abstract : The polycrystalline samples ol NaS^TiNhyO^) (subsequently referred to as 
NST) which belongs to a ferroelectric oxide family of tungsten-bronze structure, were piepared 
by high temperature solid-state reaction process Preliminary X-ray analysis of the samples 
yielded lattice parameter a = 8 7134 A, b = II 7606 A and t - 12 5004 A and also formation 
oi single phase compound, Detailed studies of dielectric constant and loss as a function of 
temperature and frequency and electrical conductivity show transition at I60°C' which is quite 
different from other members of the family.
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Since the discovery of fcrroeiectricily [ IJ in B aT i0 3, a large number of ferroelectric oxides 
of pervoskile [2.3] and tungsten-bronze (TB)-iype structures 14,5] have been studied. Some 
m obaics with TB structure such as barium sodium niobate [6], potassium lanthanum 
niobates [7] etc. are now considered to he very interesting and attractive because ot their 
wide industrial applications. The TB-type structure consists of a complex array of distorted 
BOh octahedra sharing corners in such a way that three different types of interstices 
(A|f A 2, B ]y B 2 and C) are available for cation substitution [81. The general formula 
com m only used for this family is 04j)4 (^ 7)2 (C)4 (# 1)2 (^ 2)8 Ow *n which a wide 
variety o f substitution can be made. The polar axis of most ol the members of the 
TB-fam ily is norm ally c-axis. A lso it has been found that some ot the membeis ol this 
family have transition tem peratures well above the room temperature with diltuse phase 
transition [9], Though some work has been done on NST [10], no systematic X-ray and 
dielectric studies have been reported on the same so tar. We thcrcfoie in this papci, leport
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preliminary structural and detailed electrical (dielectric constant [e], loss [tan 5] and 
electrical conductivity) properties of the NaSrsTiNfyOio (NST) compound.
The polycrystalline NST compound was synthesized using high-temperature solid- 
state reaction techniques from the component oxides and carbonates : TiCk (99%, s.d. Fine 
Chem Pvt. Ltd), Nb20-5 (99.9% SMP), Na2C 03 (99.9% SM Chemicals) and SrCO, (AG). 
These oxides/carbonales were thoroughly mixed in agate mortar in air atmosphere for 5 
hours to gel homogeneous mixture. The NST was obtained by repeated mixing and 
calcination at 10()0°C for about 28 hours. The formation of the prepared compound was 
checked by X-ray diffraction technique.
The fine homogeneous powder of NST was used to make pellets (diameter 10.3 mm 
and thickness 2.75 mm) at the pressure of 5 x 107 kg/cm2 using hydraulic press. These 
pellets were sintered in air atmosphere at 1100°C for 10 hours. Thd X-ray diffraction 
(XRD) pattern of sintered pellet was obtained using X-ray powder diffractometer [Philips 
PW-1710, Holland] with CuK„ (A = 1.5418 A) radiation in the wide ran^e of Bragg angle 
(20° < 2 6 <  70°). A few of the sintered disc samples were polished with fihe emary paper to 
make the surfaces flat, smooth and parallel for dielectric measurements. The two flat 
surfaces were electroded with silver paste. Measurements of dielectric constant (£) and loss 
(tan 5) were carried out on a GR-1620 AP capacitance measuring assembly as function of 
frequency (500 H z -10 KHz) at room temperature and also as a function of temperature 
from 190°C up to 22()°C using a laboratory made three-terminal sample holder and silver 
paste as electrode terminal.
F igure 1. Room temperature X-ray diffraction pattern o f NaSrsTiNbpOjo
The sharp and single diffraction peaks of the sample (Figure 1) suggest the 
formation of single phase compound. All the peaks were indexed from their observed d  
values. Then lattice parameters of a selected orthorhombic cell were determined using a
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standard computer programme package entitled ’powder'. The lattice parameters obtained 
were refined with 32 reflections using the least-squares method giving : a  = 8.7130 A, 
b = 11.7606 A and c = 12.5004 A. Comparison of observed and calculated d-values 
(Table 1) shows a very good agreement in them suggesting the correctness of the 
preliminary crystal data.
T a b le  1. Comparison o f observed and calculated d-vnlues (A ) of some reflections o f N S T  at 
room temperature.
h k / ^obs ^cnl / / / 0
1 2 0 4 8742 4 8742 4
2 0 1 4.1140 4.1140 1 0
1 2 2 3.8436 3.8436 9
1 0 3 3.7858 3 7841 9
2 2 1 3.3709 3 3709 1 0
1 3 2 3 1040 3 1033 7
0 1 4 3.0180 3 0203 1 0 0
1 0 4 2 94916 2 9592 15
0 4 1 2.8698 2  8620 7
3 1 0 2 8143 2 8298 1 0
3 1 1 2.7450 2 7506 41
1 4 2 2 5445 2.5439 7
0 3 4 2 4422 2 4432 8
1 1 5 2.3678 2,3645 8
0 5 1 2 3083 2  3116 6
1 2 5 2 2278 2 2258 11
0 3 5 2.1071 2 1075 6
2 5 0 2.0713 2 0697 16
1 0 6 2.0294 2 0273 6
4 2 2 1 9450 1 9416 26
1 6 0 1.9118 1.9123 16
4 3 1 1.8828 1.8824 5
3 2 5 1.8019 1.8035 6
0 6 3 1 7725 1.7737 6
4 4 1 1 7338 1.7335 24
1 7 0 1 6485 1 6496 2
5 2 2 1.6171 1 654 15
2 5 5 1.5941 1 5942 18
3 5 4 1.5777 1 5778 8
4 3 5 1.5148 1 5148
7
4 0 6 1.5046 1.506 1 0
5 2 4 1.4735 1 4733
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With the limited reflections, it was not possible to find out the space group of NST. 
The linear particle size (L ) of the sample obtained using the following Scherrer's equation 
with low and high angle of reflection [1 1 ]
0.89 A
L  = ( =  half peak width)
B U 1cos 0
was found to be 215 A.
F igu re  2. Variation o f  dielectric constant (e) 
and loss (tan 6 ) o f NST as; function o f frequency 
at room temperature
Figure 2 shows the variation of £ and tan <5 with frequency indicating a normal 
behaviour of a dielectric. Figure 3 gives the variation of e  and tan S  both with temperature
Figure 3. Variation of dielectric constant (c) and loss (tan 5) of NST as a 
function of temperature at 10 KHz and 1 KHz.
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at two different frequencies (1 KHz and 10 KHz). It was found that the value of e  was 
almost constant from liquid nitrogen temperature to -20°C, and, therefore, the same has not 
been shown in the figure. The value of e, however, increases slowly upto 60°C and then 
increases fast upto its maximum value (i.e. 42 at 10 KHz and 82 at 1 KHz) at 160°C. These 
values decrease rapidly as the temperature is raised. This shows a normal behaviour of a 
ferroelectric material [12]. The presence of dielectric anomaly at 160°C however, points 
towards the possibility of material being ferroelectric. In fact, the measurement of 
spontaneous polarization as a function of temperature is required to confirm the 
ferroelectric nature of this compound unambiguously.
The ac conductivity was calculated from the formula o  = ca^ >c tan S  where €q * 
vacuum dielectric constant and co = angular frequency. The activation energy was obtained
-1H )
-I4J
♦
* - 1*0 
-1*0 
-100
from the graph of In <T vs 1 IT  (Figure 4). In the temperature range 30-100°C, figure gives 
the activation energy 0.17 eV.
Finally, it is inferred that the NST compound has orthorhombic structure at room 
temperature with normal ferroelectric phase transition at 160°C.
Acknowledgment
We thank Prof. R N P Choudhary, I I T, Kharagpur for some experimental help and 
encouragement.
References
[1 ] B W u l a n d  L  M  G o ld m a n  C R Acad Sci. 4 6  139 (1945 )
[2] E  C  S u b b a ra o  Ferroelec tries 5 267  (1 9 7 3 )
[3] M  O k u y a m a  a n d  Y H avnakaw a FcrrotUctncs 118  261 (1 9 9 1 )
[4 ] A  M an g e li Ark. Chem. 1 213  (1 9 4 9 )
[5] M  H  F re m c o m b e  Acta Cryst. 13  131 ( 19 60 )
[6] J J R u b in . L  G  V an  U ite rt a n d  H  J L ev in ste in  J. Cryst. Growth 1 135 (1967)
F ig u re  4 . V aria tion  o f  c o n d u c tiv ity  (In d ) o f  N S T  
a s  a  function  o f  inverse  o f  tem p era tu re  (1 /7 ’).
702 H Sharma, Kiran Kumari and N K Singh
[7] L G Van Uitert, S Singh, H J Levinstein, H J Gensic and W A Bonner Appi Phys. Lett. 11 161 (1967)
[8] P B Jamieson, S C Abraham and J L Bernstein J. Chem. Phys. 48 5048 (1965)
[9] A M Glass J. Appi Phys. 40 4699 (1969)
[10] ME Lines and A M Glass Principles and Applications of Ferroelectrics and Related Materials (Oxford 
Oxford University Press) (1977)
[11] P Scherrer Cottin Nachricht 2 98 (1918)
[12] J C Anderson Dielectrics (London: Chapman and Hall) p 16 (1964)
